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HTCRODaCTIOH 

Silk  la  known  as  &  valuable  source  of  riboflavin,  probably 
the  most  valuable  In  the  human  diet.  Studies  have  been  made  of 
the  riboflavin  eontent  of  liquid  whole  milk  but  comparatively 
few  values  are  available  for  either  liquid  or  dried  skim  milk. 
As  the  use  of  skim  milk  has  become  increasingly  prevalent,  es- 
pecially In  low  cost  diets,  and  as  dried  milk  is  being  more 
widely  used  In  bakeries  and  food  service  Institutions,  It  is 
desirable  to  sseure  additional  figures  for  the  riboflavin  content 
of  this  food,  both  in  the  liquid  and  dried  forms » 

REVIBS  OF  LITSUTDHS 

Riboflavin  was  Identified  as  a  part  of  the  Vitamin  G  (B^) 
complex  in  1935*  The  substances  which  before  that  time  had 
been  variously  designated  as  ovoflavin,  lactoflavln,  or  various 
other  flavins,  were  found  to  be  identical  and  the  name  ribo- 
flavin was  accepted*  This  term  is  appropriate  in  that  it 
indicates  the  chemical  composition  of  riboflavin,  dhich  is  com- 
posed of  a  sugar  called  ribose  and  a  flavin,  a  yellow  pigment 
containing  nitrogen*  Recently  street  and  Reeves  (194:0  have 
presented  convincing  evidence  that  the  yellow  fluorescont  pig- 
ant  formed  by  the  tubercule  bacillus  is  identical  with  ribo- 
flavin* 

Riboflavin  is  water  soluble  and  is  insoluble  in  ordinary 
fat  solvents*  It  la  stable  to  heat,  to  most  oxidising  agents 
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and  to  strong  mineral  acids,  but  Is  sensitive  to  alkali.  It  is 
also  sensitive  to  light  and  undergoes  an  irreversible  decomposi- 
tion on  irradiation  with  ultra  violet  or  visible  light. 

Riboflavin  is  essential  to  the  growth  and  development  of 
the  growing  body  and  to  an  optimal  nutritional  state  at  any  age* 
This  is  true  of  both  animals  and  human  beings.  Digestive  dis- 
turbances ,  nervousness,  skin  disorders,  and  abnormal  eye  condi- 
tions result  from  a  diet  low  In  riboflavin.  A  high  level  of 
riboflavin  in  the  diet  tends  to  produce  a  more  buoyant  state  of 
health,  greater  freedom  from  disease,  especially  infectious 
diseases,  and  a  longer  period  of  vitality  before  the  onset  of 
old  age. 

It  is  widely  distributed  in  animal  and  vegetable  tissues 
but  generally  In  small  amounts.  Milk,  liver,  yeast,  and  green 
leafy  vegetables  have  been  found  to  be  good  sources  of  this 
vitamin.  Booher  (1938)  stated  that  in  milk  at  least  90  per  cent 
of  the  riboflavin  is  in  a  free  dialysable  form,  which  facilitates 
chemical  measurement,  but  in  most  other  materials,  It  occurs  in 
combinations  of  high  molecular  weight. 

Until  recently  the  Bourquin-Sherman  unit  was  used  to  ex- 
press amounts  of  this  vitamin  present  in  foods  and  other  sub- 
stances. This  unit  of  measurement  was  originally  defined  as 
that  amount  of  the  test  food  which  when  fed  to  a  standard  test 
animal  previously  depleted  according  to  the  prescribed  tech- 
nique, would  produce  an  average  gain  of  three  grams  per  week 
over  an  eight-week  period.  However,  results  varied  widely  with 
different  workers.  Undoubtedly  the  purity  of  the  riboflavin 


used  as  a  standard  and  the  differences  in  growth  rates  found 
among  animal  colonies  have  been  responsible  for  much  of  the 
variation  in  the  B our quin- Sherman  values  of  foods  studied.  It 
is  possible  that  the  differences  in  the  amount  of  riboflavin 
required,  depending  on  the  size  of  the  test  animal  used,  have 
also  influenced  the  values. 

Since  the  pure  form  of  this  vitamin  has  been  available  to 
use  as  a  standard,  riboflavin  has  been  measured  in  terms  of 
weight,  usually  micrograms,  and  the  use  of  Bourquin-Sherman 
units  has  been  discontinued*  Bessey  (1958)  reported  that  one 
Bourquin-Sherman  unit  was  equal  to  two  £.5  micrograms  of  ribo- 
flavin. Kramer  et  el*  (1939)  found  thet  one  Bourcyt in-Sherman 
unit  was  equal  to  about  3*6  micrograms  of  the  riboflavin  (JActo- 
flavin  PX  grade)  used  by  them,  and  Kunerth  and  RIddell  (1938) 
used  the  same  value*  Booher  (1958),  in  reviewing  various  figures, 
stated  that  Kuhn  estimated  one  Bourquin-Sherman  unit  to  be  equal 
to  seven  micrograms  of  riboflavin,  and  that  Von  Euler  found  the 
value  of  one  Bourquin-Sherman  unit  to  be  two  micrograms  of  ribo- 
flavin* Booher,  heraelf ,  stated  that  in  her  opinion  three 
micrograms  of  riboflavin  was  equal  to  one  Bourquin-Sherman  unit 
and  that  the  discrepancies  in  the  data  available  were  probably 
due  to  the  completeness  of  prevention  of  coprophagy  and  the  use 
of  different  diets  in  experimental  work*  Sherman  (1941)  stated 
that  what  was  formerly  called  a  "Bourquin-Sherman  unit  of  Vita- 
min G"  Is  equal  to  about  2*5  micrograms  of  riboflavin. 

The  riboflavin  content  of  milk  has  been  a  source  of  interest 
for  some  time.  Sherman  (1941)  reported  the  riboflavin  content 


of  fresh  whole  milk  as  195-240  micrograms  per  100  grains* 
Kunerth  and  Ridciell  (1958)  have  estirtated  fresh  whole  milk  to 
contain  1,950  micrograms  of  riboflavin  per  quart.  Lunde, 
Kringstad,  and  Olsen  (1939)  found  2.4  micrograms  per  gram  of 
milk,  and  Kunerth  et  al.  (1937)  reported  2.0-2.7  micrograms  -p«r 
grain.  Milk  samples  from  ^dividual  cows  were  analyzed  by  Kramer, 
Gardner  ard  others  (1958)  and  were  found  to  have  from  1.7-2,4 
micrograms  per  gram,  and  a  pooled  sample  of  herd  milk,  2.0 
micrograms  of  riboflavin  per  gram.  Kramer  et  al.  (1939)  report- 
ed the  average  riboflavin  value  for  all  milks  tested  by  them  to 
be  2.1  micrograms  per  gram  with  a  range  of  1.6 — 2.8.  Javillier 
(1940)  stated  that  cow's  milk  contained  800-3,000  micrograms  of 
riboflavin  per  liter.  Hand  and  Sharp  (1939)  reported  the  ribo- 
flavin content  of  400  samples  of  milk  estimated  flueroraetrically 
as  .60-3.42  rag.  per  liter  of  milk.  Cox  (1939),  in  estimating 
the  riboflavin  content  of  various  livers,  found  900-2,255 
B our quin- Sherman  units  per  100  grams,  and  stated  that  the  mean 
of  the  test  livers  was  10-20  times  as  high  in  riboflavin  value 
as  the  milk  with  which  it  was  compared. 

Levins  and  Remington  (1937),  using  Sherman's  early  value 
(1932)  of  0.40-0.75  units  of  riboflavin  per  gram  of  milk,  cal- 
culated dry  whole  milk  to  contain  3.3-6.3  units  per  gram. 
Bourquin  (1929)  reported  that  dried  milk  powder  was  twice  as 
rich  in  Vitamin  G  as  whole  wheat  and  only  one-fourth  as  rich  as 
autoclaved  baker's  yeast.  Guha  (1931),  in  investigating  Vita- 
min Bg  of  "glaxo"  milk,  stated  that  the  powder  was  active  only 
in  a  dose  as  large  as  0.4  grams.  Heiman  and  others  (1937), 
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working  on  the  relative  amounts  of  flavin  in  dried  skim  milk  and 
dried  whey  found  that  the  whey  was  10-20  per  cent  richer  in 
flavin  than  the  dried  skim  milk.  Jukes  (1937),  as  a  result  of  a 
biological  assay  with  chicks,  found  that  dried  skim  milk  con- 
tained ten  units  of  lactoflavin  per  gram,  with  one  unit  repre- 
senting six  micrograms  of  lactoflavin*  However,  he  stated  that 
the  purity  of  the  lactoflavin  used  was  not  known,  and  five  micro- 
grams daily  produced  a  slightly  better  growth  response  in  rats 
than  is  required  for  one  Bourquin-Sherman  unit.  On  that  basis, 
the  values  reported  would  be  expected  to  be  high*  Levine  and 
Remington  (1957)  reported  5.28  Bourquin-Sherman  units  per  gram  of 
dried  whole  milk.  Jukes  and  Richardson  (1938)  found  values  of 
from  7-9  units  of  riboflavin  per  gram  of  dried  whole  milk  and  of 
from  8-14  units  per  gram  of  dried  skim  milk,  witih  one  unit  here 
representing  2,5  micrograms  of  riboflavin.  Hods on  and  Korris 
(1939),  by  flourometrlc  determinations,  found  17.6-22.2  micro- 
grams of  riboflavin  per  gram  of  dried  skim  milk. 

In  addition  to  the  biological  method,  which  has  been  used 
most  extensively,  chemical  methods  have  been  utilized  for  ribo- 
flavin determinations.  Both  colorimetric  and  fluorometric 
procedures  have  been  used  although  Kemmerer  (1940),  in  his  re- 
port on  riboflavin,  stated  that  most  collaborators  agree  that 
fluorometric  rather  than  colorimetric  methods  are  likely  to  give 
better  results.   Colorometrlc  methods  are  accurate  but  they  can 
be  used  only  if  colored  materials  which  often  accompany  ribo- 
flavin are  absent,  as  they  interfere  with  the  determination. 
Fluorescence  measurements  are  more  specific  for  it  is  thought 
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that  no  other  substance  present  in  the  frequently  used  acetone 
extract  of  the  natural  products  gives  a  green  fluorescence  (Hand, 
1939).  Light  filters  may  he  used  to  screen  out  a  blue  or  violet 
fluorescence  which  is  sometimes  observed.  In  addition,  ribo- 
flavin occurs  in  milk  In  an  smount  convenient  for  measurement  of 
fluorescence,  but  too  small  for  ordinary  direct  colorimetric 
determinations.  Concentrations  as  small  as  0.1-4  mg.  per  liter 
may  be  detected  by  the  fluorometric  method  while  the  range  for 
the  colorimetric  method  is  from  4-40  mg.  per  liter. 

Emmerie  (1937)  has  developed  a  colorimetric  method  for  ribo- 
flavin determination  and  has  modified  it  so  that  it  can  be  used 
for  milk.  Sullivan  and  Norris  (1939)  measured  the  light  absorp- 
tion by  the  use  of  filters  and  a  photoelectric  cell,  and  a 
similar  method  was  used  by  Hodson  and  Norris  (1939).  Supplee, 
Ansbocher,  Plannigan,  and  Hanford  (1936)  and  Whitnah,  Kunerth 
and  Kramer  (1937)  compared  visually  the  fluorescence  of  unknown 
and  standard  riboflavin  solutions.  Han3  and  Sharp  (1939)  esti- 
mated the  riboflavin  content  of  milk  by  measuring  with  a  photo- 
electric cell  the  intensity  of  the  fluorescence  of  an  acetone 
filtrate,  and  Hand  (1939)  determined  riboflavin  content  by  com- 
paring the  fluorescence  of  an  acetone  filtrate  with  that  of  a 
cube  of  uranium  glass  which  had  previously  been  calibrated 
against  solutions  containing  known  amounts  of  riboflavin. 


METHOD  OP  PROCEDURE 
Biological 

A  modification  of  the  Bourquin-Sherman  biological  method, 
which  has  been  shown  by  Booher  and  Blodgett  (1933),  Booher, 
Blodgett  and  Page  (1934),  Bisbey  and  Sherman  (1935),  and  Bessey 
(1938)  to  be  reliable  for  the  quantitative  estimation  of  the 
riboflavin  content  of  foods,  was  used.  This  method  was  des- 
cribed recently  by  Van  Duyne  (1940). 

Albino  rats  from  V^istar  Institute  stock  were  used  as  sub- 
jects for  this  experiment.  The  stock  colony  was  fed  the  follow- 
ing basal  diet  suggested  by  Sherman  and  Crocker  (1922): 

Dried  whole  milk  1  part 

Ground  whole  wheat        2  parts 

Sodium  chloride  2%   of  weight  of  wheat 

Cod  liver  oil  was  added  to  the  diet  in  the  ratio  of  30  grams  of 

cod  liver  oil  to  1000  grams  of  wheat.  Also,  lettuce  was  fed  two 

or  three  times  per  week  and  the  rat  mothers  were  given  ground 

meat  twice  a  week  for  three  weeks  before  and  one  week  after 

gestation. 

This  diet  and  water  were  supplied  ad  libitum  until   the 

young  rats  were  approximately  28-29  days  old   and  weighed  45-55 

grams  each.     At  this  time  groups  of  5-6  rats  were  placed  in 

cages  which  had  raised  wire  floors,   and  were  fed  the  riboflavin- 

deficient  diet  used  by  Van  Duyne    (1940),  which  consisted  of: 

Casein   (Labco  vitamin-free)  18# 

Osborne  and  Mendel  salt  mixture        i$ 


Butterfat  3,"1 

Cod  liver  oil  2< 

Labco  rice  polish  concentrate  2% 

Cornstarch  66# 

The  riboflavln-free  diet  and  water  were  supplied  ad  libitum 
until  the  rats  were  depleted  of  their  body  store  of  riboflavin 
as  shown  by  a  cessation  of  weight  gain.  At  the  end  of  the  first 
week  they  were  harnessed  to  prevent  coprophagy,  and  put  into 
individual  cages  with  raised  screen  floors.  The  harnesses  were 
similar  to  those  described  by  Page  (1932)  but  were  made  from 
directions  supplied  by  Munsell,   The  animals  were  weighed  week- 
ly for  two  weeks  and  then  daily  until  depleted. 

When  the  weight  of  the  rats  remained  stationary  for  three 
days  or  when  there  was  a  decrease  in  weight,  the  animals  were 
considered  ready  for  experiment.  At  this  time  they  were  divided 
into  eight  groups. 

Groups  1  and  3  were  given  20  ml.  per  week  of  liquid  skim 
milk  in  addition  to  the  basal  diet.  This  was  measured  with  a 
pipette  and  was  fed  in  three  feedings  during  the  week.  The 
liquid  milk  samples  were  frozen  and  stored  until  the  time  of 
their  use,  as  Grayson  (1935)  has  shown  that  no  loss  of  Vitamin 
G  occurs  if  milk  remains  frozen  during  storage. 

Groups  2  and  4  received  weighed  samples  of  dry  skim  milk 
equivalent  to  the  weight  of  the  samples  of  liquid  milk  used. 
A  determination  of  the  total  solids  in  each  liquid  milk  sample 
was  made  and  the  amounts  for  the  samples  of  dried  milk  cal- 
culated accordingly.  The  weight  of  dry  milk  corresponding  to 
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20  ml,  of  liquid  milk  was  1.9  grams   of  Sample  2  and  1,2  grama 

of  Sample  4,     These  amounts  were  weighed  on  an  analytical  "balance 

and  stored  in  a  refrigerator  until  the   tijne  of  use. 

The  milk     to  be  tested  was  obtained  from  Kansas  creameries. 
The  liquid  samples  were   taken  from  the   storage  tanks  of   the  cold 
unpasteurized  milk  which  was   to  be  dried,  and  corresponding 
samples  of  the   same  lot  of  milk  were  obtained  after  drying.     The 
spray  process  was  used  in  tba  drying  procedure. 

In  drying  Sample  'No.  2   (dried  milk  corresponding  to  liquid 
milk  No.  1}   the  milk  was  heated  to  180°  P.  and  held  for  50-45 
minutes.     The  spray  room  temperature  was  185°  F.     The  Gray 
Jensen  process  of  dryinr  was  used  for  sample  No.  4.     The  milk 
was  subjected  to   tempera t-ores  of  180-200°  P.  for  50  minutes. 

Groups  2,  5,  and  4,  which  served  as  the  positive  controls, 
received  in  addition  to  the  diet  daily  supplements  of  2.5,  5, 
and  7.5  micrograms  of   synthetic  riboflavin5  respectively.     This 
was  dissolved  in  distilled  water  in  a  concentration  suitable  for 
feeding  ^-1  ml.   of   the  liquid  daily.      It  was   fed  to  the  rats  by 
having  them  lick  the  drops  from  the  tip  of  a  syringe  graduated 
to  one  one-hundredth  of  a  ml. 

Group  8,  which  served  as  a  negative  control,  received  only 
the  basal  riboflavin-free  diet. 


o 

Samples  No.  1  and  2  supplied  by  the  Bennett  Creamery  Company, 

Ottawa,  Kansas.  Samples  No.  5  and  4  supplied  by  the  Hiawatha 
Dairy  Products  Company,  Hiawatha,  Kansas. 

2 
Secured  from  Kerck  and  Company,  Inc.,  Rahway,  New  Jersey. 
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Records  of  the  amount  of  food  consumed  were  made  for  all 
groups  and  water  was  supplied  ad  libitum.  The  test  period  was 
four  weeks  in  length  and  weighings  were  made  weekly.  Ten  or 
more  rats  were  used  to  test  each  milk  sample.  In  as  far  as 
possible  one  rat  from  each  litter  was  placed  on  the  dried  milk 
supplement,  one  on  the  liquid  milk  supplement,  one  on  each  of 
the  three  levels  of  riboflavin  supplements,  and  one  served  as  a 
negative  control.  The  number  of  males  and  females  in  each  group 
was  as  nearly  equal  as  possible. 

A  curve  of  response  to  the  supplements  of  known  amounts  of 
riboflavin  was  made,  using  the  average  weight  gains  of  the 
animals  over  the  four-week  period.  The  amount  of  riboflavin 
in  each  milk  sample  was  then  measured  by  using  this  curve  as  a 
curve  of  reference  and  locating  on  the  graph  the  amount  of 
riboflavin  corresponding  to  the  average  gain  produced  by  that 
sample. 

Chemical 

Evidence  that  fluorometrlc  methods  of  riboflavin  determina- 
tions are  applicable  to  materials  such  as  milk  has  been  present- 
ed by  Supplee,  Ansbacher,  Plannigan,  and  Hanford  (1936).  In 
this  study  the  rapid  method  described  by  Whltnah,  Kunerth  and 
Kramer  (1937)  was  used. 

A  trichloroacetic  acid  extract  of  the  milk  was  prepared  by 
adding  15  ml.  of  ten  per  cent  trichloroacetic  acid  to  10  ml.  of 
milk,  letting  it  stand  30-60  minutes,  and  centrlfuging  five 
minutes  at  about  2000  r.  c.  f.  The  solution  was  then  neutralized 
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with  sodium  hydroxide,  using  methyl  orange  as  an  indicator,  and 
diluted  until  its  fluorescence  could  be  compared  with  standard 
riboflavin  solutions  of  known  concentrations.  These  standard 
solutions  were  made  from  the  MM  riboflavin  solution  as  that 
used  for  the  supplemental  feedings  in  the  biological  assay. 
They  were  made  to  contain  0,06-0.12  micrograms  of  riboflavin 
per  ml.  as  the  fluorescence  of  concentrations  weaker  than  0.06 
may  be  detected  but  is  difficult  to  estimate  with  any  degree  of 
accuracy,  and  concentrations  stronger  than  0.12  micrograms  of 
riboflavin  are  easily  underestimated  in  value .  The  readings 
were  made  in  a  dark  room  in  the  light  of  an  Eveready  Pluoray 
lamp  and  the  concentration  of  riboflavin  in  the  milk  sample  was 
calculated  on  the  basis  of  the  dilution  made. 
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RESULTS  AND  DISCUSSION 

The  choice  of  a  basal  Wet  was  Important  In  this  asaay  aa 
it  was  imperative  that  it  be  free  of  riboflavin  and  yet  contain 
adequate  amounts  of  the  rest  of  the  B  complex  vitamines,  nLabco" 
casein  was  used  In  accordance  with  the  findings  of  Supplee, 
Flannigan,  Hanford  and  Ansbacher  (1936)  that  lactoflavln  Is  a 
contaminant  of  many  commercial  purified  or  vitamin-free  caseins, 
but  that  Labco,  by  its  extensive  preparation,  is  rendered  vita- 
min-free. In  the  diet  used  the  parts  of  the  B  complex,  other 
than  riboflavin,  were  furnished  by  a  rice  polish  concentrate 
instead  of  the  whole  wheat  extract  of  the  original  Bourquin- 
Sherman  diet,  aa  Clarke  et  al.  (1940)  found  that  rice  polishinga 
concentrate  Is  a  more  aatlafactory  source  of  the  other  membera 
of  the  B  vitamins  than  the  extract  of  wheat.  El  Sadr,  Macrae, 
and  Work  (1940)  have  criticized  experimental  diets  using  either 
whole  wheat  extract  or  rice  polish  concentrate  as  a  source  of  the 
B  complex,  believing  that  adequate  amounts  of  all  B£  vitamins, 
other  than  riboflavin,  are  not  supplied.  Van  Duyne  (1940),  how- 
ever, obtained  an  excellent  correlation  between  graded  amounts  of 
riboflavin  fed  and  the  subsequent  growth  response  of  rats  on  a 
diet  in  which  the  B  complex,  other  than  riboflavin,  was  furnished 
by  rice  polishings.  In  the  present  experiment  her  diet  was 
used. 

A  aurvey  of  the  data  from  the  biological  assay  la  given 
in  Table  1. 
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Table  1,     Growth  responses  of  rats  fed   the  riboflavin-deficient 
diet  with  and  without  supplements. 


Amount         Number  Average  Average 

Sample  fed  of         weekly  gains    (gm.)     total 

Supplement     number       per  day       animals     12       5       4         gain  (gm.) 


Liquid 
skim  milk 

1 

3.3  ml. 

12 

8 

7 

5 

6 

26 

Dry 
skim  milk 

2 

0.3  gms. 

13 

9 

6 

6 

7 

28 

Liquid 
skim  milk 

3 

3.3  ml. 

11 

7 

8 

9 

5 

29 

Cry 
skim  milk 

4 

0.2  gms. 

11 

5 

6 

8 

8 

27 

Riboflavin 

5 

2.5  micro- 

15 

5 

4 

4 

4 

17 

Riboflavin 

6 

grams 
5.0  micro- 

15 

5 

6 

9 

8 

28 

Riboflavin 

7 

grams 
7.5  micro- 

15 

5 

11 

11 

11 

38 

None 

— 

grams 

23 

1.0 

1.2 

-03 

0.0 

1.9 

At  least  11,   and  in  most  cases  12-15  rats  were  used  to 
test  any  one   supplement.     There  were  23  rats  in  the  group  which 
served  as  a  negative  control.     At  the  end  of   the  four-week  test 
period  the  negative  control  animals  had  just  about  maintained 
original  weight,  the  average  gain  being  1.9  grams.     In  addition 
to  stunted  growth,  they  showed  some  other  evidences  of  ribo- 
flavin deficiency.     Their  fur  was  short  and  wooly  and  lacked 
the  long  guard  hairs  and  the  luster  present  in  that  of  the  normal 
rat.     Lesions  about  the  nostrils  and  on  the  wrists  were  almost 
universally  present  and  occasionally  mouth  lesions  as  well.     In 
some   cases   the  eyeballs  were  sunken  and  a  scaliness  occurred 
around  the  eyes.     Some  of  these  effects  may  liave  been  produced 
by  mechanical  Injury  from  cages  or  harnesses,  but  as  the  condi- 
tions cleared  up  when  the   animals  were  transferred  to  a  good 
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diet  following  the  experimental  period,   they  must  have  been  due 
largely  to  the  riboflavin  deficiency  of  the  diet.     Bessey  and 
Wolbach   (1939)  have  also  reported  sunken  eyeballs  in  the  rats 
which  they  maintained  on  a  diet  deficient  in  riboflavin. 

The  growth  responses   cf  the  rats   that  had  received  ribo- 
flavin were  in  accord  with  the  amounts   of  the  supplement  given, 
although  the  weight  gains  were  not  strictly  proportional.     In 
rat  growth  methods  the  delicacy  of  the  assay  depends  upon  the 
fact  that  a  small  amount  of  the  supplement  fed  will  produce  a 
relatively  large  growth  response.     Since  Van  Duyne  had  found 
that  from  2-8  micrograms  of  riboflavin  fed  six  times  per  week 
had  resulted  in  greater  increments  in  growth  than  lcwer  or  high- 
er levels,   the  riboflavin  supplements  in  this  experiment  were 
fed  at  daily*  levels  of  2.5,  5,   and  7.5  micrograms.     With  the 
exception  of  the  highest  level,   these  same  amounts  had  served 
satisfactorily  to  produce  a  reference  curve  in  experimental  work 
of  Kramer  et  al.    (1959),  Ansbacher  et  al.    (1936),   and  Cox   (1939). 

In  this  experiment  the  average  gain  for  the  four-week 
period  of  those  animals  on  the  2.5  microgram  level  was   17  grams. 
Those  receiving  5  micrograms  daily  during  the  test  period  gained 
an  average  of  28  grama,  and   those  on  the  7.5  microgram  level 
showed  an  average  gain  of  38  grams.     A  curve  of  response  to  these 
graded  araounts  of  riboflavin  was  made  by  plotting  the  average 
weight  gains  of  these  three  groups  of  animals.      (Pig.  1) 


*BDaily",  as  used  in  this  experiment,   refers   to   six  times  per 
week  in  accord  with  the  Bourquin-Shennan  and  Van  Buyne  methods. 
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SBH  growth  response  of  these  rats  receiving  the  graded 
amounts  of  riboflavin  formed  a  typical  curve.  However,  the 
actual  weight  gains  of  the  animals  in  response  to  comparable 
riboflavin  levels  are  larger      -hose  reported  by  Van  Duyne 
(1940).  On  the  other  hand,  they  are  not  as  large  as  those  re- 
ported by  El  Sadr  (1940).  The  larger  response  may  have  been  due 
in  part  to  the  different  basal  diet  which  21  Sadr  used,  and  also 
to  the  fact  that  he  fed  riboflavin  supplements  seven  instead 
of  six  days  per  week. 

The  appearance  of  the  animals  receiving  riboflavin  also 
corresponded  to  the  level  at  which  the  supplement  was  fed. 
Many  of  those  animals  of  the  2.5  microgram  level  showed  some 
signs  of  riboflavin  deficiency  such  as  wrist  lesions  and  short 
wooly  fur.  Those  receiving  5  micrograms  of  riboflavin  daily 
showed  fewer  and  less  pronounced  actual  signs  of  deficiency,  but 
grew  at  a  subnormal  rate.  The  appearance  of  the  rats  that 
received  7.6  micrograms  of  riboflavin  daily  approached  that  of 
the  normal  rat.  Their  fur  was  lustrous  and  contained  many  long 
guard  hairs;  their  eyes  were  bright;  there  was  no  dermatitis 
evident,  and  they  grew  to  a  lar^e  size. 

The  appearance  of  the  animals  that  received  milk  supplements 
approximated  that  of  those  receiving  7.5  micrograms  of  riboflavin 
daily.  In  no  case  were  there  evidences  of  dermatitis.  The  eyes 
were  bright  and  a  deep  pink,  and  the  fur  of  these  animals,  with 
few  exceptions,  was  long  and  lustrous.  These  rats  showed  average 
gains  over  the  four-week  period  within  the  range  of  growth  pro- 
duced by  the  riboflavin  supplements.  Liquid  skim  milk  sample 
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No,  1  produced  an  average  gain  of  26  gm.  In  the  animals  that 
received  it.  The  corresponding  milk  after  drying  (dry  skim 
milk  sample  No,  2)  produced  an  average  gain  of  28  gm.  The  rats 
receiving  liquid  skim  milk  sample  No,  3  gained  an  average  of  29 
gm,  during  the  test  period  and  those  receiving  the  corresponding 
dried  milk  (dry  milk  sample  No.  4)  shewed  an  average  gain  of  27 


All  groups  made  good  weight  gains  from  week  to  week,   (Fig, 
2). 

Using  the  curve  of  response  as  a  curve  of  reference  (Fig,  1) 
the  riboflavin  content  of  each  milk  sample  was  calculated,  as 
shown  in  Table  2, 


Table  2.  Riboflavin  content  of  milk  obtained  by  biological 
assay. 


Sample   Average  gain   Estinated  riboflavin 
Supplement        number    (4  weeks)      per  gram  of  sample 


Liquid  skim  milk  1  26  1.27 

Dry  skim  milk  2  28  15,79 

Liquid  skim  milk  3  29  1,47 

Dry  skim  milk  4  27  22,90 


These  values  of  the  riboflavin  content  of  milk  agree  well 
with  those  found  by  other  workers,  no  value  being  outside  of  the 
reported  range. 

Figures  for  the  riboflavin  c  ontent  of  liquid  skim  milk  are 
not  available.  Munsell  (1940),  in  summarizing  all  data,  has 
reported  skim  milk  to  be  an  "excellent"  source  of  riboflavin, 
but  has  given  no  definite  riboflavin  values. 
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Riboflavin  content  of  milk  has  been  reported  in  the  litera- 
ture in  various  ways.  For  purposes  of  comparison  It  Is  desirable 
to  express  all  values  in  a  common  unit.  This  has  been  done  by 
estimating  from  the  author* s  data  the  value  of  the  riboflavin 
content  in  terms  of  micrograms  per  gram  *  (Table  3). 

Table  3.  Riboflavin  content  of  liquid  whole  milk. 

Investigator  Micrograms  per  gram 

Javillier  (23)  0.76—2.9 

Sherman  (32)  1.0  — 1.9 

Kunsrth  et  al.  (30)  2.0  — 2.7 

Kramer  et  al.  (28)  1.7  —2.4 

Kramer  et  al.  (27)  1.6  —2.8 

Kunerth  and  Riddell  (31)                  2.0 

Lunde,  Krlngstad,  and  Olsen  (33)  2.4 

The  results  of  the  present  assay  for  riboflavin  In  liquid 
skim  milk  seem  entirely  In  line  with  former  data,  as  the  values 
of  1.27  and  1.47  micrograms  of  riboflavin  per  gram  of  milk  fall 
within  the  range  of  reported  figures.  As  riboflavin  is  water 
soluble  it  would  be  expected  ttiat  liquid  skim  milk  would  contain 
slightly  more  of  this  vitamin  than  liquid  whole  milk.  However, 
this  difference  would  be  small  and  could  be  lost  in  the  wide 
range  reported  for  whole  milk. 

The  riboflavin  values  of  the  dried  skim  milk  as  determined 
from  the  biological  assay  are  also  in  accord  with  previously 
reported  values.  Jukes  (1937)  found  60  micrograms  of  riboflavin 
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For  converting  Bourquin-Sherman  units  to  micrograms  the  relation- 
ship suggested  by  Sherman  was  used— 1  B.  S.  unit  s  2.5  micro- 
grams. For  converting  units  of  volume  to  units  of  weight,  the 
average  specific  gravity  of  milk,  1.032,  was  used. 
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per  gram  of  dried  skim  milk  but  It   Is   apparent  from  his  report 
that  this  value  was  about  twice  as  high  as  would  be  expected  due 
to  the  degree  of  purity  of  ifce  laetoflavin  used.     Later  in  an 
experiment  with  Richardson  (1938)  he  reported  19 ,4-62 ,2  micro- 
grams per  gram.     The  values  obtained  in  the  present  experiment 
of  15.79  and  22.90  are  within  their  range. 

A  comparison  of  the  riboflavin  content  of   the  two  samples 
of  liquid  milk  and  the  corresponding  dried  milk  shows  that  there 
was  no  evidence  of  destruction  of  riboflavin  during  the  drying 
process.     Little  information  is  available  as  to   loss  of  ribo- 
flavin during  drying.     Henry  et  al.    (1939)   stated  that,   as  deter- 
mined cy  biological  assay.  Vitamin  G  was  not  destroyed  during  the 
drying  of  milk,  but  suffered  some  loss  during  an  evaporating 
process.     In  the  same  study,  riboflavin  was  mspsured  flucro- 
metrically  by  two  methods  and  the  results   Indicated  a  higher 
riboflavin  value  in  the  raw  than  In  the  dried  or  in  the  evapor- 
ated milks.     However,  there   is  no  evidence   that  this  was  due  to 
heat  treatment  because  the  milk  sources  were  not   Identical. 

Davis  and  Norris   (1934)   studied  the  effect  of  the  manufac- 
turing process    (Merrell-Soule  spray,  Gray-Jensen  spray,  and 
open-roller)  upon  the  Vitamin  G  content  of  dried  skim  milk  and 
reported   that  there  was  no  measurable  destruction  of  this  vita- 
min during  drying.     The  liquid  and  dried  milk  samples  used  by 
them  were  from  the  same  tanks  of  milk  to   insure  the  same  original 
vitamin  potency.     In  another  series  of  experiments  they  found 
no  destruction  of  Vitamin  G  in  skim  milk  prepared  by   the  spray 
or  roller  methods  even  when  the  milk  was  scorched,  neutralized, 
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or  Biade  alkaline  and  held  at  high  temperatures. 

The  general  opinion  seems  to  be  that  heat  is  not  responsible 
for  a  loss  of  riboflavin  in  milk.-;  Krauss  (1953),  in  comparing 
raw  and  pasteurised  milks,  stated  that  the  heat  treatment  did  not 
destroy  any  Vitamin  G  originally  present  in  raw  milk,  and  added, 
"This  is  to  be  expected  because  it  is  known  that  Vitamin  G  re- 
sists autoelaving  at  hydrogen-ion  concentrations  within  the 
range  in  which  the  pH  of  milk  usually  falls."  Javillier  (1940) 
stated  that  stabilization  of  milk  by  homogenizing,  preheating, 
sterilizing,  etc.,  has  no  appreciable  effect  on  the  activity  of 
Vitamin  Bg.  Houston,  Kon  and  Thompson  (1940)  found  that  ribo- 
flavin is  not  adversely  affected  by  pasteurization  and  that  it 
is  sufficiently  heat  stable  to  withstand  the  drastic  treatment 
of  sterilization  of  milk.  It  would  be  expected,  then,  that  loss 
of  riboflavin  would  not  occur  during  drying  and  the  results  of 
the  present  experiment  bear  out  these  studies. 

Results  of  the  chemical  assay  of  riboflavin  are  shown  in 
Table  4. 


Table  4.  Riboflavin  content  of  skim  milk  obtained  by  fluoro- 
metric  assay. 


Supplement 


Sample 
number 


Liquid  skim  milk  1 

Dry  skim  milk  2 

Liquid  skim  milk  5 

Dry  skim  milk  4 


Estimated  riboflavin  oer  cram 
of  sample  micrograms 


1.25 

17.98 

1.32 

21.04 


22 
Hand  and  Sharp  (1939)  have  reported,  values  estimated  fluoro- 
metrically*  of  0.58-5 .3  microgram*  of  riboflavin  per  gram  of 
liquid  whole  milk,     Whitman  et  al.    {1937}  found  1.3*  microgram* 
per  gram  of  *hole  milk.     The  riboflavin  value  of  the  liquid  skim 
milk  eatimated  by  fluorometric  maaanremento  in  the  praaent  study 
was  1*25  micrograms  of  riboflavin  per  gram  for  Sample  Ho.  1  and 
1.32  for  Sample  No.  3.     The  riboflavin  content  of  the  dried  milk 
samples  obtained  from  the  chemical  assay  were  17.98  and  21.04 
mierograaa  per  gram  of  dried  skim  milk*     These  are  in  accord  with 
the  values  estimated  flucrometrically  by  TTodson  and  Norrie   (1939) 
who  reported  17.6-22.2  micrograms  of  riboflavin  per  gram  of 
dried  skia  milk* 

A  comparison  of  the  riboflavin  content  of  milk  determined 
by  the  biological  and  chemical  methods  Is  shown  in  Table  5. 

Table  5.     Comparison  of  riboflavin  values  obtained  from  biologi- 
cal and  chemical  assays. 


Estimated  riboflavin  in    Difference  in 
micrograms  per  gram        value  between 
Biological  Chemical  methods 


Liquid  skim  milk  1  1.27                      1.25  1.5 

Dry  skia  milk  2  15.7U  17.  13.0 

Liquid  skim  milk  3  1.47  1.32  10.7 

Dry  skim  milk  4  22.90  21.04  8.5 


Agreement  between  the  two  methods  of  determination 
good.     In  general  the  values  obtained  by  the  fluorometric  method 
were  lower  than  those  resulting  from  the  biological  assay.     The 
maximum  difference  between  the  riboflavin  values  as  calculated 
Calculated  from  author's   data. 
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by  the  two  methods  was  15  per  centwith  an  average  difference  of 
8,4  per  cent.  Using  the  same  chemical  method  of  assay  and  com- 
paring with  the  Bourquln-Sherman  method  of  biological  assay, 
Kramer  et  al.  (1939)  reported  a  maximum  difference  of  25  per  cent 
with  an  average  difference  of  ten  per  cent.  They,  too,  found 
that  the  fluorometric  method  gave  consistently  lower  readings. 

Henry,  Houston  and  Kon  (1940)  compared  results  of  El  Sadr's 
biological  method  of  assay  with  those  of  Emmerie's  fluorometric 
method  and  reported  good  agreement  when  the  milks  were  fed  at 
levels  supplying  up  to  ten  micrograms  daily.  For  a  higher  level 
the  agreement  was  not  so  satisfactory.  Hodson  and  Norris  (1939) 
compared  results  of  their  fluorometric  method  of  assay  with  a 
microbiological  method  and  a  photometric  method  and  found  good 
agreement  among  the  three. 

It  is  evident  from  the  results  that  both  the  liquid  and 
dried  skim  milk  used  In  this  study  were  good  sources  of  ribo- 
flavin. According  to  tentative  standards  released  in  April, 
1941,  by  the  Committee  on  Poods  and  Nutrition  of  the  National 
Research  Council,  the  daily  requirement  of  riboflavin  in  the 
diet  is  3  mg.  for  an  average  man  and  2.8  mg.  for  an  average 
woman.  Thus,  one  quart  of  skim  milk  will  furnish  approximately 
one-half  of  the  dally  requirement  of  riboflavin. 

SUMMARY  AND  CONCLUSIONS 

The  riboflavin  content  of  two  samples  of  liquid  skim  milk 
and  the  corresponding  two  samples  of  dried  skim  milk  (spray 


process  was  determined  by  both  biological  and  chemical  assays. 
The  Van  Duyne  modification  of  the  original  Bourquln-Sherman 
method  was  used  for  the  in  vivo  method  and  the  rapid  method  of 
Whitnah  et  al.  was  employed  for  the  fluorometric  determinations. 

Results  of  the  two  methods  were  in  agreement  with  a  maximum 
difference  of  13  per  cent  and  an  average  difference  of  8.4  per 
cent.  Biological  values  for  the  riboflavin  content  of  liquid 
skim  milk  were  1.27  and  1.47,  and  for  dried  skim  milk  were  15.79 
and  22.90  micrograms  per  gram.  On  this  basis  one  quart  of  skim 
milk  would  supply  approximately  44  per  cent  of  the  dally  ribo- 
flavin requirement.  No  destruction  of  riboflavin  in  the  liquid 
milk  occurred  in  these  samples  during  drying. 

The  results  of  this  study  indicate  that: 

1.  Both  liquid  and  dried  skim  milk  are  good  sources  of 
riboflavin. 

2.  There  is  no  destruction  of  riboflavin  in  milk  during 
drying  (spray  process). 

3.  Both  tiie  biological  and  the  fluorometric  methods  used  in 
this  study  are  satisfactory  for  measuring  the  riboflavin  content 
of  either  liquid  or  dry  skim  milk. 

4.  One  quart  of  either  liquid  skim  milk  or  reconstituted 
dried  skim  milk  supplies  about  44  per  cent  or  approximately  one- 
half  of  the  3  mg.  which  has  been  recommended  as  the  daily  re- 
quirement of  riboflavin. 
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